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DIAPHRAGM ACTUATED AIR CYCLE
VALVE

BACKGROUND OF THE INVENTION

The present invention is directed to the field of valves. for
example, valves used to cycle the flow of a gas. In particular.
the present invention is directed to valves of the type used
to rapidly cycle the flow rate of a fluid between a low and

a high level.

Several types of valve controls are known for cycling
fluid flow in industrial applications. particularly combustion
applications. A valve type commonly used with such con-
trols is the butterfly-type valve. A butterfly-type valve is
typically a circular disc which is arranged to pivot in an
appropriately-sized cylindrical fluid passageway. The valve
is closed when the surface of the disc is perpendicular to the
direction of flow and open when the surface of the disc is
parallel to the flow. There is thus 90 degrees of pivot in the
stroke of the common butterfly-type valve.

One common valve control scheme includes an electric
motor that is mechanically linked to a butterfly-type valve.
Actuation of this type of valve is very slow. Typically.
15-120 seconds are required to complete the valve stroke
between the open and closed positions (which correspond
respectively to “high fire” and “low fire” states wihin the
burner.) Such slow actuation is not satisfactory for many
heating processes. particularly those which are used with
multiple burner systems in which each burner is frequently
cycled between low and high fire.

Another type of valve control scheme uses an electric
solenoid actuator to drive a butterfly-type valve. However,
with these actuators, the response time is too fast for
practical flame control. Also, such actuators are expensive
and consume a great deal of electrical power. The valve
stroke time of a solenoid actuator can be slowed down with
a dashpot accessory. but this further adds to the component
cost and also the power consumption. thereby decreasing
efficiency.

Still another valve control actuator device is a pneumatic-
type actuator which uses compressed air to drive a butterfly
valve. These actuator types consume a great deal of power.
In addition. the compressor and the many ancillary compo-
nents (i.e. the dryer, piping. valves, etc.) result in a complex
system which is quite expensive. In these ways. the valves
and actuators of previous systems suffer from a number of
drawbacks which reduce their effectiveness of operation in
burner systems.

SUMMARY OF THE INVENTION

In view of the difficulties and drawbacks encountered
with previous valves and actuators, it would be advanta-
geous to provide a valve and actuator which solve the
previous problems while providing more efficient operation.

Therefore, there is a need for a valve actuator which
completes the valve stroke in a period which is satisfactory
for a desired heating process.

There is also a need for a valve actuator which completes
the valve stroke while using a reduced amount of power.

There is also a need for a valve actuator with easily
adjustable control over the valve stroke.

There is also a need for a valve actuator which i1s not
complex, requiring fewer components than previous sys-
tems.

There is also a need for a valve actuator which is
inexpensive to manufacture, using less complicated compo-
nents.

5

10

15

20

25

30

35

45

50

55

65

2

These needs and others are realized by the valve and
actuator of the present invention which includes a valve
body in line with a flow passage for admitting a flow of fluid.
A valve member is retained within the valve body and is
varied between open and closed positions for respectively
admitting and obstructing the flow of fluid. An actuation
assembly, preferably a diaphragm with linkage. is in
mechanical connection with the valve member. Displace-
ment of the actuation assembly varies the position of the
valve member. A pressure impulse line is in fluid connection
with the flow of fiuid to provide an impulse to the actuation
assembly. The impulse then displaces the actuation assembly
and the valve member. A control is used for selectively
admitting the impulse to the actuation assembly. thereby
governing displacement of the actuation assembly in order
to vary the position of the valve member.

As will be appreciated, the invention is capable of other
and different embodiments, and its several details are
capable of modifications in various respects. all without
departing from the invention. Accordingly. the drawings and
description are to be regarded as illustrative in nature and not
restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiments of the invention will now be described
by way of example only. with reference to the accompanying
figures wherein the members bear like reference numerals

and wherein:

FIG. 1 is a side-sectional view of the diaphragm valve as
according to a preferred embodiment of the present inven-
tion

FIG. 2 is a side-sectional view showing a detail of the
adjustment stops as according to the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

Referring now to the drawings which are for purposes of
illustrating only the preferred embodiment of the invention
and not for purposes of limiting the same. The figures show
an air flow cycling valve which is actuated by a pressurized
diaphragm. The present diaphragm actuated valve is espe-
cially suited for handling combustion air in a burner system.

Turning specifically to FIG. 1. the components of the
diaphragm valve 10 of the present invention include a valve
body 12. in line with a flow passage 14, for admitting and
transmitting the flow of a fluid. preferably a gas such as
combustion air. However, it will be appreciated that the
present valve can be used with any fluid without departing
from the invention. A valve member or disc 16 is pivotally
retained within the valve body 12 and can be varied between
an open position and a closed position for respectively
admitting and obstructing the flow of fiuid.

The valve disc 16 of the present invention is preferably an
elongated valve member of the type shown in the related
application to the present assignee entitled “FLOW CON-
TROL VALVE WITH ELONGATED VALVE MEMBER."
U.S. Ser. No. 08/614.963. filed Mar. 11, 1996, invented by
Jeffrey C. Armour. Clive D. Lucas and Ahmed L Sabet, the
disclosure of which is hereby incorporated by reference. The
valve disc 16 is mounted on a pivotable shaft 18 which is
mechanically connected to an actuation assembly that is
displaced in order to vary the position of the valve disc 16.
The actuation assembly includes a linkage comprised of first
and second linkage elements 20, 22 which connect the valve
disc 16 to a stem 24, which moves upwards and downwards
in a reciprocating motion.
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The stem 24 is connected to a diaphragm 26 in a fluid-
tight manner (preferably with e.g. threaded fasteners and a
fluid seal). The diaphragm 26 itself is retained within a
diaphragm casing including respective first and second
casing sections 28, 30.

A fluid-tight casing volume is enclosed by the diaphragm
26 and the first casing section 28. This casing volume is in
fluid communication with a tap on the valve body 12,
upstream of the valve disc 16. by means of an impulse line
32, which supplies a fluid impulse that pressurizes the casing
volume. A second volume is defined by the diaphragm 26
and the second casing section 30 and this second volume is
open to the atmosphere. Therefore, when the fluid-tight
volume is pressurized, a pressure differential exists between
the two volumes. The impulse is selectively admitted to the
fluid-tight volume using a control 34, preferably a small
three-way solenoid valve, (preferably Asco model no.
HT8320G198V. a normally open 10.1 watt 3-way solenoid
with a high-temperature coil.)

The operation of the diaphragm valve as according to the
preferred embodiment will now be described. Air is supplied
through the flow passage 14. typically at a static pressure of
about 16 osig (ounces per square inch gauge). The present
invention. unlike previous systems, uses the controlled fluid
to provide the bulk of the power required to actuate the valve

16. The impulse is supplied to the fluid-tight casing volume
through the impulse line 32. The solenoid valve 34 is

energized to admit the impulse by connecting ports 1 and 2
(as illustrated). The first volume is pressurized by the
impulse, and the diaphragm 26 is displaced toward the
second volume. thereby downwardly displacing the stem 24.
This displacement is transmitted to the linkage elements 20.
22 which thereby convert the displacement force into a
torque upon the valve shaft 18 in order to pivot the valve disc
16 into the open position.

The stem 24 is connected to a tension spring 36 at its end
opposite the linkage. The spring 36 thus supplies a restoring
force to the valve disc 16 through the linkage 20, 22 and the
stem 24. In this way, the speed of displacement can be varied
by adjusting the tension on the spring 36, as the displace-
ment force is the resulting difference between the spring
force and the fluid force on the diaphragm. In the preferred
embodiment, the spring 36 is adjusted to permit the dis-
placement of the full stroke (about Y2 inch) within a period
of about two seconds. The spring tension is varied by an
adjustment knob 38 which is preferably threaded, and can be
backed in and out by turning the knob, so as to vary the valve
spring tension as desired.

The valve 10 is closed by de-energizing the solenoid valve
34 which connects ports 1 and 3 (as illustrated) thereby
venting the fluid-tight casing volume 28 to atmosphere and
equalizing the pressure between the two volumes. The
restoring force on the spring 36 resets the valve 10 to its
original closed position. In this way, the valve 10 is always
closed when de-energized.

As shown in FIG. 2, the present invention also includes a
pair of adjustment stops which limit the stem displacement
in order to establish adjustable valve positions for particular
low and high flow conditions. A low flow adjustment stop S0
is threaded on its outer diameter and received within a
threaded opening in the bottom of the second casing section
3. The low flow stop S0 has a top portion 52 with an
opening that admits the stem 24 so as to not inhibit its
reciprocating motion. The stem 24 is securely fitted with a
washer 54. When the valve 10 is at low flow. the washer 54
stops against the top portion 52, thereby limiting the mini-
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mumn displacement of the stem 24 and holding the valve
open at a minimum desired low flow position. The low flow
position can be adjusted by screwing the low flow stop 50 in
or out of the casing 30 until the desired position is achieved.

The stop 50 is held in place with a threaded lock nut 56
which secures the stop against the casing portion 30.

High flow is controlled using a high flow adjustment stop
60 which is threaded on its outer diameter to mate with the
threads on the inner diameter of the low flow stop 50. The
high flow stop 60 has a top portion 62 with an opening that
admits the stem 24 so as to not inhibit its reciprocating
motion. As with the low flow stop 50, the top portion 62 of
the high flow stop 60 stops the washer 54. thereby limiting
the maximum displacement of the stem 24 and holding the
valve open at a maximum desired high flow position. The
high flow position can be adjusted by screwing the high flow
stop 60 in or out of the low flow stop 50 until the desired
position is achieved. The stop 60 is also held in place with
a threaded lock nut 64 which secures the stop 60 against the
bottom of the low flow stop 50. The high and low flow stops
50. 60 can thus be used to adjust minimum and maximum air
flows to desired levels. The threaded stops 50, 60 and the
lock nuts 56. 64 are easily adjusted and tightened by hand,
permitting easy adjustment by operators in the field.

The present diaphragm-actuated valve offers many advan-
tages over prior valve configurations. Since the present
valve is powered by the existing flow supply. very little
additional energy is required to actuate the valve. The
impulse solenoid valve 34 consumes about 34% of the
power required for a solenoid-actuated cycling valve. In
addition to the above, the valve actuation period is about two
seconds, significantly faster than conventional electric motor
actuators. Also. the valve closing time is slower than the
opening time, which provides for better gas regulator track-
ing during turndown. The design is simple in construction,
using fewer and less expensive parts, thus being easy and
inexpensive to manufacture. assemble. install and maintain.
Also, since there is little component friction. the valve has
a life cycle in excess of 1.5 million cycles without wearing
out or experiencing component failure.

Further, the settings on the valve can be varied in a
number of ways; by setting the stem connection and/or the
low and high flow adjustment stops 50, 60; by varying the
tension on the spring 36; and by orificing the impulse
solenoid 34 or the impulse taps. As a final advantage. the
present valve 10 provides fail-safe operation in use with a
combustion system. Since the valve 10 is always at low flow
when the solenoid 34 is de-energized. the valve 10 closes
during a power outage, thus reducing damage to upstream
components due to backfluing of hot combustion gases.
Also, the valve fails at low flow upon blower failure or Ioss
of fluid pressure. Thus, the present valve is intrinsically safer
than those of previous systems.

As described hereinabove, the present invention solves
many problems associated with previous systems. and pre-
sents improved efficiency and operability. However, it will
be appreciated that various changes in the details. materials
and arrangements of parts which have been herein described
and illustrated in order to explain the nature of the invention
may be made by those skilled in the art within the principle
and scope of the invention as expressed by the appended
claims.

We claim:

1. A valve for adjusting the flow of a fluid. said valve
comprising:

a valve body in line with a flow passage for admitting a

flow of fluid;
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a valve member retained within the valve body. said valve
member being varied between a high flow position and
a low flow position for respectively admitting and
obstructing the flow of fluid;

an actuation assembly including a diaphragm member, in
mechanical connection with the valve member,
wherein said diaphragm member is displaced in order
to vary the position of the valve member;

an impulse line in fluid communication with the flow of
fluid for providing a pressurized impulse fluid to the
actuation assembly. wherein the diaphragm member
distends in response to the pressure of the impulse fluid
in order to displace the valve member;

a control for selectively admitting the impulse fluid to the
actuation assembly, thereby governing displacement of
the diaphragm in order to vary the position of the valve
member.

2. The valve of claim 1 wherein the diaphragm member

includes a mechanical connection for transmitting the dis-
placement to the valve member.

3. The valve of claimn 2 wherein the mechanical connec-
tion to the valve member includes a stem which is connected
to the diaphragm and a linkage connected to the valve
member so as to transmit the displacement.

4. The valve of claim 3 wherein the stem is attached to an
adjustable spring which permits control of the rate of the
displacement.
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§. The valve of claim 3 wherein the stem includes a
washer and wherein the valve further includes an end stop
comprising first and second stops. wherein the first stop is
threadably received within an opening in the actuation
assembly. and the second stop is threadably received within
the first stop. wherein the first and second stops limit the
position of the washer so that the high flow and low flow
positions can be varied by respectively screwing the stops in
or out to achieve a desired position.

6. The valve of claim 5 wherein the first stop is a high flow
adjustment stop and the second stop is a low flow adjustment
stop.

7. The valve of claim 1 wherein the actuation assembly
includes an end stop for selectively limiting the displace-
ment so as to define predetermined high flow and low fiow
positions of the valve member.

8. The valve of claim 1 wherein the control is a three-way
solenoid valve which selectively admits and blocks the
impulse to the actuation assembly, so as to vary the position

- of the valve member.

9. The valve of claim 1 wherein the impulse line is
connected to a tap drawn from the valve body upstream of
the valve member.

10. The valve of claim 1 wherein the valve member is an
elongated valve member.
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